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(54) Tide: METHOD AND APPARATUS FOR GROWING ORIENTED WHISKER ARRAYS 
(57) Abstract 

A method for growing of oriented whisker arrays on a single-crystalline substrate consists in vapor-phase transport of the materia) to 
be crystallized from a solid-state source body of the same composition as the whiskers to the substrate coated with liquid-phase panicles that 
serve as nucleation/catalyzing centers for the whisker growth. The source body has a plane surface that is faced to the substrate and parallel 
to it so that a vectorly-uniform temperature field, whose gradient is perpendicular to both the substrate and the source, is created. The 
vectorly -uniform temperature field is realized by an apparatus with high-frequency heating of specially designed bodies that are arranged 
in a special position in respect to the high-frequency inductor. Laser and/or lamp heat sources can be also used either separately or in 
combinations with the high-frequency heater. In the apparatus, the material source is heated, while the substrate takes heat from the material 
source. In another case, the substrate is heated, while the material source takes heat from the substrate. 
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METHOD AND APPARATUS FOR GROWING ORIENTED WHISKER ARRAYS 
E.I. Glvargizov 

Field of the invention 

This invention relates to electron materials science and 
to microelectronics, including vacuum microelectronics, in 
particular to preparation and fabrication of devices based on 
field electron emission such as matrix field-emission cathodes, 
field-emission displays, microwave devices, various electron 
guns, etc. 

Background of* the invention 

15 Field emission is usually realized from sharp tips having 

radii of curvature in the range of micrometers and nanometers. 
There are several methods for their preparation. 

One of them consists in growing of oriented, mutually 
parallel whiskers on a substrate and, then, sharp tips are 
prepared from the whiskers by various treatments. 

To this aim, chemical vapor deposition of crystals, 
including chemical transport of substances, is most suitable. 
It is known a method for crystallization of materials in a 
narrow space [1] . However, this method is not effective for 
25 growing of oriented whisker arrays, because it does not ensure 
nucleation and growth of whiskers at particular points of 
substrates. 

It is known a method for growing of oriented whisker 
arrays on a single-crystalline substrate oriented along the 
most-close-packed crystallographic face of a given material by 
vapor phase deposition, at heating, via solvent (liquid- 
forming) particles orderly deposited on the substrate [2] . This 
method is based on the vapor-liquid-solid (VLS) growth 
mechanism proposed by the same author [3]. However, the method 
35 and apparatus patented and desribed for its realization suffer 
from the fact that the grown whiskers are often branching, 
kinking, etc. 



20 



30 



BNSDOCID: <WO 9737064A1_t_> 



WO 97/37064 W ♦ PCT/RU97/00078 

2 

In the scopes of the mentioned method for whisker growing, 
a procedure for creation of localized (e.g., micron-sized) 
solvent particles is important. For growing of, e.g., silicon 
whiskers, metals, such as gold, copper, nickel, etc, are used 

5 as solvents. 

One of the technique for preparation of the localized 
particles consists in evaporation of the metals through a 
template mask. However, such a technique is unsuitable for 
localization of the particles on large-area substrates (for 
10 example, cm 2 or more), because, in such a case, it is 
impossible to ensure a uniform clasp of the template to the 
substrate. On this reason, the metal particles formed are not 
clear-cut, have different sizes, etc. 

More suitable for this is a photolithographic process. 
15 Such a process, as applied to whisker growth, is described in 
[4]. This method, however, gives a poorly-reproducible results 
because the solvent used (e.g., gold) contacts with the 
photoresist at a preliminary stage of the procedure resulting 
in a non-controlled, non-oriented growth of whiskers. 
20 Another photolithographic method for localization of the 

solvent is described in [5] . There, the solvent (gold) is 
deposited inside an oxide mask formed on silicon substrate. 
However, the method suffers from the fact that the liquid alloy 
(silicon-gold in this case) is spreading, at high temperature, 
25 along the substrate-oxide interface, "exploses" the oxide and, 
accordingly, an ordered whisker growth is destroyed. 

It is known an apparatus for growing of oriented whisker 
arrays that consists of a tube reactor with a gas-mixture that 
flows through the reactor evolving the crystallized material, 
30 of an axis-symmetric substrate holder and a heating source 
[6]. The apparatus, however, has a figured shape heater with 
cavities for placing of the substrates. Such a heater does not 
allow to reach an ordered, uniform, perfect growth of whiskers 
on large areas due to fluctuations of the gas streams, a non- 
35 uniform temperature gradients, etc. 

Tasks of this invention are the following: 

(1) A method for controlled growing of whiskers on a 
substrate that allows to prepare regular arrays of well- 
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oriented whisker arrays on a large area. This method ~ust also 

include techniques for deposition of arrays cf vocalized 
solvent particles on the substrate. 

(2) Apparatus for realization of the method for controlled 

5 growing of the whisker arrays on a substrate that pprovides 

preparation of such arrays uniform on large areas. 

Disclosure of the invention 

The tasks indicated are realized in this method by growing 
10 of the oriented whisker arrays, preferentially for field 
electron emitters, on a single-crystalline substrate, oriented 
along the most-close-packed crystallographic plane of a given 
material, by vapor-phase deposition at heating, via solvent 
particles deposited onto the substrate orderly, wherein in 
15 parallel to the substrate is placed a solid-state source of the 
material for whisker growth with a plane surface faced to the 
substrate, the solid-state material source having the same 
composition as the growing whiskers, so that a vectorly- 
uniform temperature field, whose gradient is perpendicular to 
20 both the substrate and the source, is created between the 
substrate and the source. The solvent particles are deposited 
onto the substrate by either evaporation through a template 
mask or by means of a photolithographic technique. 

The temperature of the material source can be higher than 
25 the temperature of the substrate. At such a case, in the space 
between the source and the substrate, vacuum is created or an 
inert gas is introduced, and the material is transported from 
the source to the substrate by evaporation and condensation. At 
another case, the transport is ensured by introduction, in the 
30 space between the material source and the substrate, of a 
substance that reacts with them chemically. 

The temperature of the material source can be lower than 
the temperature of the substrate. At such a case, in the space 
between the source and the substrate is introduced a substance 
that transports the material from the source to the substrate 
by means of a chemical reaction. 

When the solvent particles are deposited by the 
photolithographic process, after creation of openings in the 
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protection mask, hollows are formed in the substrate opposite 
to the openings. The diameter of the hollows exceeds the 
diameter of the openings, their depth is not less than 0.1 of 
the diameter of the openings, the solvent is deposited ail over 
5 the substrate and is subsequently removed from ail areas, 
except of the bottom of the openings. 

The solvent deposited in the photolithographic process is 
removed from the surface of the protection mask either 
mechanically (by wiping) or chemically (by dissolution of the 
10 mask together with the solvent) . 

Silicon can be used as a material source and as a 
substrate, the latter should be a silicon wafer with the (111) 
crystallographic orientation. As a solvent, gold can be used, 
as an example. The whisker growing is performed at temperatures 
15 higher than 800°C. As a substance that transports the material 
source, a mixture of hydrogen and silicone tetrachloride is 
used. 

The task of this invention consists also in an apparatus 
for growing of oriented whisker arrays, preferentially for 

20 field electron emitters, that consists of a tube reactor with 
flows of gaseous mixtures evolving the crystallizing material, 
of a substrate, an axis-symmetrical substrate holder, and a 
heat source. In the tube reactor, opposite to the substrate a 
material source is placed that takes a heat from the heat 

25 source, whereas the substrate is heated from the material 
source . 

In another version of the apparatus for growing of 
oriented whisker arrays, in the tube reactor, opposite to the 
substrate, a material source is placed, the substrate taking 
30 the heat from the heat source, whereas the material source is 
heated from the substrate. 

The heat source can be done as a high-frequency inductor. 
The inductor can have a cylindrical or conical shape. The 
material source is placed on a holder made as a truncated 
35 circular cone with bases perpendicular to its axis. Larger 
basis of the cone has a cylindrical continuation, and the 
material source is placed on this basis, whereas smaller basis 
of the conical holder of the material source has a protrusion 
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iprojecticru . The substrate, opposite to the material source, 
is placed on a holder that is made as a heat radiatcr with a 
plane surface adjoining to the substrate and that has heat- 
radiation protrusions on the opposite side of the substrate 
5 holder along the edges of the heat radiator. 

In another version of a similar apparatus, a substrate 
holder is made as a truncated circular cone with bases 
perpendicular to its axis. Larger basis of the cone has a 
cylindrical continuation, and the substrate is placed on this 

10 basis, whereas smaller basis of the conical holder has a 
protrusion. The material source, opposite to the substrate, is 
placed on a holder that is made as a heat radiator with a plane 
surface adjoining to the material source and that has heat- 
radiation protrusions on the opposite side of the holder of the 

15 material source along the edges of the heat radiator. 

In the above apparatus, the cone is arranged 
concentrically inside the inductor, a part of the cone being 
out of the inductor, with the larger basis outside. The 
distance from the larger basis to the outside plane of the 

20 last coil of the inductor is 0.2 to 0.8 of the outside diameter 
of the inductor. 

The angle of the cone is 15° to 120°, whereas the 
protrusion of the conical holder has a cylindrical shape with 
the ratio of its diameter and of its height to the larger basis 

25 of the cone lies in the range 0.1 to 0.5. 

In another version of the apparatus for growing of the 
oriented whisker arrays, the heat source is placed inside of an 
axis-symmetrical hollow holder of the material source, the 
holder having prismatic or truncated-pyramidal outside surface. 

30 The material source takes heat from the surface of the prism or 
pyramid, whereas the substrate takes heat from the material 
source, and a heat leveller (homogenizer ) is adjoining by its 
plane surface to the substrate. 

In one more version of the apparatus, the heat source is 

35 placed inside of an axis-symmetrical hollow holder of the 
substrates, the holder having prismatic or truncated-pyramidal 
outside surface. The substrates take heat from the surface of 
the prism or pyramid, whereas the material source takes heat 
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> K . at . ipveller is adioining by its 
from the substrates, and a heat leveller 

plane surface to the material source. 

in the both latter versions of the apparatus wall 
th ic.ness of the holders is COS to 0.2 of the outside dieter 
of the prism or truncated pyramid. 

in other versions of the apparatus for growing of the 
k \ r arravs the heat source is made of lasers or 
oriented whisker arrays, _th including com binations with 

lamps, or of their combinations, including 

high-frequency inductors. 
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Briet description of figures 

Fiq x ^ oriented array of silicon whiskers grown 
according to the vapor-liguid-solid mechanism. The photo was 
obt ained in scanning electron microscope ^ ^ 

F ig. 2 - ~men t of the ^ & ^ 
frequency inductor m the versxo 
Sported from a more heated to a less heated body. 

1 - the high-frequency inductor coil (heat source,. 

2 - the heated body (the holder of the material source,. 
20 3 - the material source; 

4 - the substrate; 

5 - the radiator (the holder of the substrate, ; 

6 - the force lines of the electromagnetic nigh- frequency 

field ai - the distance from the larger basis of the cone to 

* +-v^ Tacit- coil of the inductor; 
t^-^^eTorr protrusion (projection, on the 

hea " h "the height of the protrusion on the heated body; 

h ' 2 - height of the cylindrical continuation of the cone; 



25 



30 



- cone angle . 



;one ang iC . and high 

P i a 3 An arrangement of the heated oouy 

9 «. ^ the version when a substance is 

frequency inductor the ^ ^ 

traM pif 8 4 to arrangement of the internal cylindrical or 

" „ ,Tr in a hollow prismatic or pyramidal heated body 

conical inductor in a hollo p .„„,.,.„, from a more 

in the version when a substance is transported 
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heated to a less heated body. All designations as i- Fig. 2; 
here £ is a leveller of temperature. 

Fig. 5. An arrangement of a similar heading system in the 
version when a substance is transported from a less heated to a 
more heated body. All designations as in Fig. 2; here 5 is a 
leveller of temperature. 

Fig. 6. A scheme of successive operations in preparation 
of a substrate for whisker growth, and growing of the whiskers. 



Best version of realization of the invention 

In Fig. 1 is shown an oriented array of silicon whiskers 
grown on (ill) silicon substrate according to the invention 
method at substrate temperature 950°C by means of the reaction 
SiCl< + Si = 2SiCl 2 {1) t 

15 where silicon interacts with its own tetrachloride. 

As a liquid- forming agent (solvent) here gold is used. 
Globules are seen on apices of the whiskers - the globules 
consist of mixtures of silicon and gold crystallites. An 
advantage of gold in this process consists in the fact that 
this metal is chemically passive and, accordingly, it does not 
form stable compounds with the crystalized material. One more 
advantage of the solvent consists in that, at typical 
crystallization temperatures of silicon whiskers with 
participation of its tetrachloride, solubility of the material 
25 in gold is rather high, about 50%. Owing to this, a range of 
acceptable crystallization supersaturations is broad and, on 
this reason, the process of ordered, oriented crystallization 
depends weakly on variations/fluctuations of the process 
parameters. On the silicon wafer/ substrate with the 
crystallographic orientation (111), is created a regular array 
of gold particles of such sizes that, after their contact 
melting with the silicon substrate at a temperature about 
1000°C, silicon-gold droplets with sizes, for example, 2-5 
urn, partly immersed into the substrate, are formed. 
35 The crystallization process is performed in the flow of 

purified hydrogen, at the atmospheric pressure. After a 
heating, when a thermal equilibrium is established in the 
system, vapors of silicon tetrachloride are aaaea to -he 
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hyciroaen flow so that the concentration of the SiCi,/H= fixture 
becomes several percents. At stationary conditions, the 
equilibrium of the reaction (1) is established at relatively 
high temperature of the material source. Then, the reagents 
5 formed are transported, by means of gaseous diffusion, m the 
narrow space between the source and the substrate, to the 
substrate that has a lower temperature. Here, a new equilibrium 
of the reaction 11) is established, and an excess of silicon 
formed is evolved on the surface of the substrate, while 
10 another product of the reaction, SiCl,. returns to the material 
source, and the process is repeated. 

It is important for the process of growing of whiskers 
that owing to an extremely high adsorption ability of the 
liauid phase in respect to chemical reagents, the reaction with 
15 silicon evolution proceeds pref erntially on the surface of the 
droP lets. in such a way, the Si-Au droplet becomes 
supersaturated in respect to silicon, the excess of the 
nvaterial diffuses to the bottom of the droplet and is deposited 
there epitaxially at the liquid-solid interface, i.e., is 
20 incorporated into silicon. As the crystalline "T^L" 
deposited, the droplet is pushed out of the substrate, and a 
columnar crystal (whisker) is formed. The direction of the 
whisker is perpendicular to the most-close-packed face of 
silicon, i.e., it has orientation [1111, the diameter of the 
25 whisker is determined by the sizes of the droplet, while its 
height is determined by duration of the growth process and by 

the growth rate. 

It is important that the direction of the whisker growth 
coincides with the direction of the material feeding. In such a 
30 way, a homogeneity of the growth condition for various 
whiskers is ensured on a large surface area of the substrate. 

in the case under consideration, the material source and 
the substrate have, as a rule, cantimeter sizes, while the 
distance between them are in the range of tenths of millimeter. 
35 Accordingly, boundary conditions does not practically influence 
the crystallization process. The small distance between the 
material source and the substrate ensures a strict 
poroendicularity of the temperature gradient to the source ana 
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to tr.e substrate (in this case, the perpendicularity ir. respect 
to the substrate, where the crystallization process takes 
really place, is especialy important) . 

Under favourable - homogeneous, stable - growth 
conditions, all the grown whiskers are identically criented, 
i.e., are mutually parallel. Such conditions can be ensured if 
the temperature field is vectorly-uniform, i.e., when isotherms 
are parallel to the substrate or, in other words, when they are 
perpendicular to the growth direction of whiskers. This is 
ensured by the method and apparatus considered in the patent. 

In this invention, such crystallization conditions are 
ensured, best of all, by a special arrangement (configuration) 
of the apparatus where an optimal temperature field, that gives 
a homogeneous feeding of the growing crystals, is created owing 
15 to one-side (unilateral) heating of the material source (then, 
the substrate is heated from it, for example, by radiation or 
heat-conductivity), or of the substrate (then, the material 
source is heated from the substrate) . 

Owing to such a configuration, it is very important that 
20 virtual changes of the heating power, that could influence the 
whisker growth, are levelling by the fact that temperatures of 
both the material source and the substrate are changing 
sinchroniously. This stabilizes automatically the 
crystallization conditions. 
25 In Fi< 3- 1 is shown an oriented whisker array that was 

grown according to the method and by means of the apparatus 
described in this invention. 

In Fig. 2, the apparatus for growing of the whiskers with 
using of the high-frequency induction heating is shown. This 
30 version of the heating is one of the most suitable for the 
considered crystallization method. In such a case, an axis- 
symmetrical induction coil (inductor) 1 is used, and the heated 
body 2 (that serves also as a holder for the material source 21 
is done also as an axis-symmetrical combination of (mainly) 
conical and cylindrical parts. In such an apparatus, the force 
lines of the electromagnetic field 6 are also axis-symmetrical. 
On the substrate 4, a radiator 5 for levelling of its 
temperature is placed. 



35 
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In order to ensure a uniform heating of the source 3 (and 
fr om it - ha.tin, of the substrate 4, a srlicon wafer orxented 
along the crystallographic plane (111)). thx» ensemble xs place 
bv a special manner: it is pushed out of the inductor for a 
'd stance d, *t such a case, part of the power of the he t , 
source is lost; however, in return, such a desxgn ensures a 
uniform heating of the larger plane of the body 2, on whxch the 
material source is placed. 

Ts an additional £ actor for lulling l»i<=~' °< 
the temperature on the larger plane, a protrus on with t- 
diameter a. and height h> on the heated body is formed- * - 
the cone angle is optimized (as a rule, it » about ) 
tne diameter of the larger (basis, plane, for example, 40 
the diameter d, about 10 mm, height hl about 20 mm. and the 
distancT l from the larger basis of the cone to the outside 

, f the last coil of the inductor about 20 mm. the source 

plane of the last coir u*. ,.. c From the 

3 is heated sufficiently uniformly, e.g.. to 1050 c . . 
sou rce. the substrate . is heated, also unrformly, to the 
temperature about 950'C. The uniformity is ensured at the 
abo ve indicated ^^J^^Z ^eguency 
^ZrJ^:^ «~ preferentially along the 
neauxny ^ K ^ c r-acio - of the body . 

surface - mainly conical one, in this case of t * 

in the r:::\: v^r^ bX^ o.3 

25 To r: re betee e n d tn^ low' plane of the substrate . and the 
mane of the material source 3, at the concentration of 
TcWH, about 3%. -ring a period of time 1 . hour, silicon 
Timers with a height SO to 100 micrometers are grown on the 

30 silicon substrate. 

As 5 here is designated a radiator (fabricated, e.g., from 
nhite) intended for levelling of the substrate temperature. 
Td as e' are designated force lines of the electromagnetic 

35 £leld T ne same version of the apparatus is suitable for growing 
of whiskers without using of the chemical reactions, namely, at 
. physical transport of substances. by means of 
evaporation/condensation processes. In such a case, vacuum or 



20 



BNSDOCID: <WO 9737064A1_L> 



WO 97/37064 PCT/RU97/00078 



11 

atmospnere of an inert gas are created in the cryscaili^aticr; 
chamber . 

Another version of the apparatus for whisker growing by 
means of the induction heating with conical heater is given in 
5 Fig. 2. It is suitable for using in processes with the 
exothermic reactions when a substance is transported from a 
less heated to a more heated body. As examples are iodide 
reactions of disproport ionation with deposition of refractory 
metals, such as titanium, zirconium, etc, or transport of 
10 tungsten in oxihalogenic media. In this case, also the axis- 
symmetric heating ensemble is used, and the temperature 
gradient is created by pushing out of the ensemble from the 
inductor. 

One more version of the apparatus that gives the vectorly- 

15 uniform temperature field at using of the induction heating is 
given in Figs. 4 and 5. Here, the inductor is introduced inside 
of a hollow heater fabricated, e.g., of graphite. At a 
sufficient thickness of the walls of the heater, the 
temperature of the external faces of the heater (serving also 

20 as a holder of the material source or of the substrate) , that 
has a prismatic shape or a shape of a truncated pyramid, can be 
sufficiently homogeneous. In this version, a radiator adjoining 
to the material source or to the substrate serves as a 
leveller of the temperature, too. 

25 One more version of the apparatus for creation of the 

vectorly-uniform temperature field consists in the following: a 
one-side heating of a body, that serves as a holder of the 
substrate, or of the material source, is ensured by a laser, 
e.g., a C0 2 -laser. Such a laser has a high transformation 

30 coefficient of energy. 

One more version of the apparatus for uniform one-side 
heating of the substrate or material source is based on using 
of lamps. 

Finally, for preparation of oriented whisker array, 
35 uniform on large-area substrates, it is important to have 
reproducible substrates with arrays of solvent particles. 

One of the versions of the method for preparation of 
such substrates is shown in Fig. 6. 
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In a typical procedure, a photolithographic process is 
used to this aim. On a single-crystalline silicon substrate 
with the orientation (111), a protection mask, for example, of 
silicon oxide, about 0.5 micrometer in thickness, is created 
5 (Fig. 6a) . On the surface of the oxidized substrate, a 
photoresist is deposited, and in the oxide layer circular 
openings of micrometer sizes, for example, 5 to 1 micrometer in 
diameter, are formed by means of the photolithography (Fig. 
6b, c). By means of a special silicon-dissolving etch that acts 
10 weakly on the oxide, against the openings in the protection 
mask hollows are created in the silicon substrate with the 
depth 2 micrometers. At the etching procedure, the hollows in 
the silicon are expanded symmetrically in all directions for 
about 2 micrometers. Owing to this, during evaporation of a 
15 metallic solvent edges of the protection mask prevent 
deposition of the metal on the silicon-oxide interface (see 
Fig. 6d) . Accordingly, later on, at a contact melting of the 
solvent and at growing of the whiskers, it is possible to avoid 
a contact of the liquid alloy formed with the protection mask 
20 (Fig. 6e) and, in such a way, to ensure formation of uniform 
whisker arrays (Fig. 6f ) . 
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Claims 

1 A method for growing of oriented whisker arrays, 
preferentially for field-electron emitters, on single- 
5 crystalline substrate oriented along the most-close-packed 
crystallographic plane for a given material, by vapor-phase 
deposition of the material at heating, via solvent particles, 
deposited onto the substrate orderly, wherein in parallel to 
the substrate is placed a solid-state source of the material 
10 for whisker growth with a plane surface, faced to the 
substrate, the solid-state material source having the same 
composition as the growing whiskers, so that a vectorly-unif orm 
temperature field, whose gradient is perpendicular to the 
substrate and to the source, is created between the substrate 
15 and the source, and the solvent particles are deposited onto 
the substrate by either evaporation through a template mask or 
by means of a photolithographic process. 

2 The method of claim 1 wherein the temperature of the 
ma terial source is higher than the temperature of the 
20 substrate^ ^ ^ ^ein in the space between the 

rnaterial source and the substrate vacuum is created or an inert 
gas is introduced, and the material is transported from the 
source to the substrate by evaporation and condensation. 
25 4 The method of claim 1 wherein the temperature of the 

material source is lower than the temperature of the substrate. 

5 The method of claims 2 and 4 wherein in the space 
between the material source and the substrate a substance is 
introduced that transports the material from the source to the 
30 substrate by means of a chemical reaction. 

6 The method of claim 1 wherein, at deposition of the 
solvent particles by means of the photolithographic process, 
after creation of openings in the protection mask, hollows are 
created in the substrate against the openings, the diameter of 
35 the hollows exceeding the diameter of the openings in the 
m asks, the depth of the hollows being more than 0 . 1 of the 
diameter of the openings, the solvent is deposited all over the 
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substrate and, then, is removed from all the areas, except of 
bottom of the hollows. 

7. The method of claim 6 wherein the solvent is removed 
from the surface of the protection mask mechanically. 

8. The method of claim 6 wherein the solvent is removed 
from the surface of the protection mask chemically, by 
dissolving of the mask together with the solvent. 

9. The method of claim 1 to 3 and 5 to 8 wherein silicon 
is used as the material source and the substrate, a (111)- 
oriented silicon wafer being used as the substrate. 

10. The method of claim 9 wherein gold is used as the 
solvent . 

11 . The method of claim 10 wherein the growing of the 
whiskers is performed at a temperature higher than 800°C. 

12. The method of claim 9 to 11 wherein a mixture of 
hydrogen and silicon tetrachloride is used for transporting of 
the material source. 

13. An apparatus for growing of oriented whisker arrays, 
preferentially for field-electron emitters, consisting of a 
tube reactor with gaseous mixtures that flow through the 
reactor , the mixtures evolving the material for the 
crystallization, with a substrate, an axis-symmetric substrate 
holder and a heat source, wherein the material source is 
placed in the tube reactor against the substrate, so that the 
material source taking a heat from the heat source, whereas 
the substrate is heated from the material source. 

14. An apparatus for growing of oriented whisker arrays, 
preferentially for field-electron emitters, consisting of a 
tube reactor with gaseous mixtures that flow through the 
reactor, the mixtures evolving the material for the 
crystallization, with a substrate, an axis-symmetric substrate 
holder and a heat source, wherein the substrate is placed in 
the tube reactor against the material source, so that the 
substrate taking a heat from the heat source, whereas the 
material source is heated from the substrate. 

15. The apparatus of claims 13 and 14 wherein the heat 
source is made as a high-frequency inductor. 
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16. The apparatus of claims 13 and 15 wherein the inductor 
has a cylindrical or conical shape, a holder of the material 
source is made in the shape of truncated circular cone with the 
bases perpendicular to the axis of the cone, the larger basis 
5 of the cone having a cylindrical continuation, and the material 
source is placed on the larger basis, the smaller basis has a 
protrusion, whereas the holder of the substrate is made as a 
heat radiator with the plane surface, adjoining to the 
substrate, and with heat-radiating protrusions placed on the 
10 opposite side of the radiator along its edges. 

17. The apparatus on claimes 14 and 15 wherein the 
inductor has a cylindrical or conical shape, a holder of the 
substrate is made in the shape of truncated circular cone with 
the bases perpendicular to the axis of the cone, the larger 
15 basis of the cone having a cylindrical continuation, and the 
substrate is placed on the larger basis, the smaller basis has 
a protrusion, whereas a holder of the material source is made 
as a heat radiator with the plane surface, adjoining to the 
material source, and with heat-radiating protrusions placed on 
20 the opposite side of the radiator along its edges. 

18. The apparatus on claims 15 to 17 wherein the cone is 
arranged concentrically inside the inductor, a part of the cone 
being out of the inductor, with the larger basis outside. 

19. The apparatus on claim 18 wherein the distance from 
25 the larger basis of the cone to the outside plane of the last 

coil of the inductor is 0.2 to 0.8 of the outside diameter of 
the inductor. 

20. The apparatus on claims 16 to 19 wherein the cone has 
an angle 15° to 120°, whereas the protrusion has a shape of a 

30 cylinder with the ratio of its diameter and of its height to 
the diameter of the larger basis of the cone in the range 0.1 
to 0.5. 

21. The apparatus on claim 13 wherein the heat source is 
placed inside of an axis-symmetrical hollow holder of the 
35 material source, the holder having prismatic of truncated- 
pyramidal outside surface, the material source taking heat from 
the surface, whereas a heat leveller adjoins by its plane to 
the substrate that is opposite to the material source. 
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22. The apparatus on claim 14 wherein the heat source is 
placed inside of an axis-symmetrical hollow holder of the 
substrate, the holder having prismatic or truncated-pyramidal 
outside surface, the substrate taking heat from the surface, 

5 whereas a heat leveller adjoins by its plane to the material 
source that is opposite to the substrate. 

23. The apparatus on claims 21 and 22 wherein the 
thickness of the walls of the holder of the material source or 
of the substrate is 0.05 to 0.2 of the largest diameter of the 

10 prism or of the truncated pyramid. 

24. The aparatus on claims 13 and 14 wherein the heat 
source is made of lasers. 

25. The apparatus on claims 13 and 14 wherein the heat 
source is made of lamps. 

15 26 • The apparatus on claims 13 to 15, 21, 22, 24 and 25 

wherein the high-frequency inductor, the lasers, and the lamps 
are used simultaneously as the heat sources. 
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